Breast cancer is one of the leading causes of cancer-related deaths for women. Numerous studies have shown that single-nucleotide polymorphisms (SNPs) on the ESR1 gene are associated to this disease. However, data and conclusions are inconsistent and controversial.
Background
Breast cancer (BC) is the most common malignant tumor for women worldwide [1] . Similar to other cancer types, genetic factors play a central role in the development and progression of breast cancer [2] . Studies show that excessive estrogen from the exogenous source can have pathological consequences in human cell, and result in the alteration of tumors, including the occurrence of breast cancer [3] . Two major types of estrogen receptors (ESRs), named as ESR1 and ESR2, act as the key regulators in controlling the actions of estrogen. The ESR1 gene encodes a transcription factor with an estrogen-binding domain, an activation domain, and an estrogen response element (ERE) DNAbinding domain. By regulating the cell proliferation and differentiation via paracrine mechanism, ESR1 is believed to be tightly associated with breast cancer [4] . Therefore, genetic variations in the ESR1 gene, which can lead to disordered estrogen activity, become a potential risk for breast cancer. Single-nucleotide polymorphisms (SNPs) of ESR1 have been studied in numerous clinical studies. Many association studies on this gene have been confined to 2 SNPs (originally detected with the restriction enzymes PvuII and XbaI [5] ), which are located in the first intron of ESR1. The ESR1 PvuII and XbaI polymorphisms have been associated to tumorigenesis and many other diseases [6] , involving heterogeneous conclusions. The meta-analysis conducted by Li et al. concluded that the PvuII polymorphism of ESR1 was a risk factor for prostate cancer development [7] , while the metaanalysis conducted by Gu et al. found no association between frequencies of the PvuII (C>T) polymorphism and prostate cancer susceptibility, but found a positive correlation between XbaI (A>G) polymorphism and the risk of prostate cancer [8] . A recent study showed that the ESR1 PvuII CC/CT and XbaI GG/GA genotypes could increase susceptibility to systemic lupus erythematosus (SLE) [9] . Several other meta-analyses suggested that the PvuII variant, instead of XbaI, was negatively associated with Alzheimer's disease (AD) in white populations, especially in southern European people, but not in Asian populations [7, 10] . The risk of idiopathic scoliosis was not obviously associated with the ESR1 PvuII or XbaI polymorphism [11] . It has been also frequently reported that the PvuII and XbaI polymorphisms of the ESR1 gene are related to breast cancer [12, 13] . Li and Xu reported that ESR1 PvuII (C>T) polymorphism placed pre-menopausal women at risk for breast cancer, but XbaI (A>G) polymorphism is not associated with the risk of breast cancer [14] . P325P polymorphism in the exon 4 of ESR1 gene has been found to be associated with bone mineral density in post-menopausal women [15] . Korean women carrying both the ESR1 P325P CC and CDK7 Ex2-28C>T (rs2972388) TT genotypes have been shown to be at increased breast cancer risk [16] . However, because of the heterogeneous of data sources and analysis methods, the conclusions in many of these studies were inconsistent and controversial. Although 2 studies have been conducted on this issue, both of them have some drawbacks. Specifically, Li et al. narrowed the population to Asian women [14] . Hu et al. focused on some of SNPs in ESR1, but SNPs like P325P, which is also associated with the risk of breast cancer, was not included in their articles [17] . In this study, we performed an updated meta-analysis by involving as many data as possible from published studies, to provide a more precise estimation of the potential association between ESR1 PvuII, XbaI, and P325P polymorphisms and the risk of breast cancer. We collected all related studies from online databases to assess the association between 3 SNPs on ESR1 and breast cancer susceptibility. In addition, the analyses were conducted for the entire population, as well as for different subgroups using diverse population categorization strategies.
Material and Methods

Search strategy
We performed an online search of PubMed, Elsevier, Science Direct, Karger, Web of Science, Wiley Online Library, and Springer databases for eligible studies on the association between ESR1 PvuII, XbaI, and P325P polymorphisms with breast cancer susceptibility. The related terms, including"ESR1", "rs2234693", "rs9340799", "rs1801132", "polymorphism","breast cancer" and "BC" were used for searching. The literature search was updated on September 2014.
Data collection
A total of 91 results were found in the literature search. Among these studies, only ones which meet the following criteria were included in our meta-analysis: (i) case-control study that focused on breast cancer and ESR1 gene polymorphisms; (ii) ethnicity and source information was available for case and control; (iii) the diagnosis of breast cancer was confirmed by pathological or histological examination; (v) were published in English language. Studies were excluded when they were: (i) irrelevant articles, duplicated articles; (ii) not case-control study; (iii) genotype frequency information was not accessible; and (iv) meta-analysis, letters, reviews, or editorial articles. As a result, 25 articles were eventually included in the meta-analysis. In our data collection procedure we restricted the time frame from Jan. 2000 to Sept. 2014. Since there was no eligible study prior to 2003, all included studies were published later than 2003. For each article, the following data were collected: the first author's last name, year of publication, country of origin, ethnicity, source of controls, and the number and frequency of ESR1 PvuII, XbaI, and P325P polymorphisms of cases or controls.
Statistical methods
We used STATA software (version 12.0) for all analyses. The strength of the association between ESR1 polymorphisms and breast cancer susceptibility was assessed using all databases by pooled odds ratios (ORs) with 95% confidence intervals (CIs). Three models were used to evaluate the association: dominant model, recessive model, and homozygote comparison model. We also performed subgroup analyses by ethnicity (white or Asian) and source of controls (hospital-based or populationbased). The heterogeneity assumption was assessed by I 2 index. Higher I 2 indicates more significant heterogeneity. I 2 =50% represents the dividing point between low and high heterogeneity. When I 2 £50%, we assumed that there was no significant heterogeneity between pooled data. Correspondingly, I In our meta-analysis, we used M-H fixedeffects model to test the heterogeneity first, and then chose different models based on the testing results. ORs were calculated with each model within 95% confidence intervals. Forest plots were generated to summarize the results. Potential publication bias was assessed by the Begg's funnel plots and the Egger's test. All reported P values were for a two-tailed test.
Results
We performed an online search of multiple databases for eligible studies on the association between ESR1 polymorphisms and breast cancer susceptibility. The procedure of article collection is shown in Figure 1 . By excluding irrelevant articles, duplicated articles, and articles not focused on ESR1 polymorphisms and breast cancer, we found a total of 25 case-control studies covering 24 740 cases, and 38 866 controls were eligible [12, 13, , main characteristics of which are shown in Table 1 . For the ethnicity distribution, there were 8 studies of Asians and 15 studies of whites. For the source of controls, 14 studies used population-based controls and 11 studies used hospital-based controls.
To choose a proper model for the study, we first used the I 2 indexes to evaluate the heterogeneity of the data for all 3 SNPs. As shown in Table 2 , for PvuII, the I 2 indexes ranged from 36% to 48%, and for XbaI and P325P, the I 2 values were mostly equal to 0% in all 3 tested genetic models. Statistically significant heterogeneities were only observed for PvuII in dominant model TT vs. (TC+CC) and homozygote model (TT vs. CC). The PvuII polymorphism showed a relative higher I 2 index than the other 2 SNPs mainly because more studies were included in the PvuII analysis. Nevertheless, all of the I 2 indexes were smaller than 50%, which can be still considered as non-significant heterogeneity. Therefore, the statistical power was still acceptable in our study. Since the I 2 indexes were smaller than 50%, M-H fixed-effects models were used for all of the 3 SNPs. The forest plots for PvuII, XbaI, and P325P are shown in Figures 2-4 , respectively. Overall, we found significant associations between ESR1 PvuII polymorphism and breast cancer susceptibility in both recessive model ((TT+TC) vs. CC: OR=1.08, 95% CI (1.02-1.14), p=0.01, Figure 2B ) and homozygote model (TT vs. CC: OR=1.10, 95% CI (1.03-1.18), p=0.03, Figure 2C ), but not in dominant model (TT vs. (TC+CC): OR=1.05, 95% CI (1.00-1.10), p=0.05, Figure 2A ). These results indicated that the people with TT or TC genotype were at a greater risk of developing breast cancer than those with CC genotype in the ESR1 PvuII polymorphism. On the other hand, for XbaI and P325P, no significance was found for all 3 models (GG vs. GA+AA: OR=1.05, 95% CI (0.94-1.18), p=0.37, Figure 3A ; GG+GA vs. AA: OR=1.05, 95% CI (0.98-1.12), p=0.15, Figure 3B ; GG vs. AA: OR=1.08, 95% CI (0.96-1.21), p=0.22, Figure 3C ; CC vs. CG+GG: OR=1.01, 95% CI (0.91-1.11), p=0.90, Figure 4A ; CC+CG vs. GG: OR=0.97, 95% CI (0.86-1.09), p=0.60, Figure 4B ; CC vs. GG: OR=0.96, 95% CI (0.84-1.10), p=0.56, Figure 4C ). We found that there was no significant publication bias based on funnel plot for all 3 SNPs (Figures 5-7 ). Egger's and Begg's tests also indicated that there was no obvious bias for publications investigating the relationship of ESR1 polymorphisms with breast cancer risk, as shown in Table 2 . Tables 3-5 . For the subgroup analysis by ethnicity, the I 2 indexes for PvuII were larger than 50% in both dominant model and homozygote model for white subgroups, indicating a high heterogeneity in these 2 genetic models (Table 3) . Correspondingly, we used the random-effects model for assessing the association in these high-heterogeneity cases, and used the fixed-effects model in other cases. Although the above analysis showed that TT genotype of PvuII had higher risk of breast cancer than CC genotype in all populations, further subgroup assessment demonstrated that only Asians followed this trend (TT vs. CC: OR=1.18, 95% CI (1.04-1.33), p=0.01), while whites did not (TT vs. CC: OR=1.13, 95% CI (0.98-1.29), p=0.09). For the source-stratified subgroup analysis, significant (Table 4 ) and P325P polymorphisms (Table 5) showed that there was almost no heterogeneity for any of the subgroup cases, with I 2 being equal to 0 for all tests except for XbaI in the white group. In addition, no statistical significant association was found between XbaI and P325P polymorphisms and breast cancer susceptibility in any of the subgroups. Given these results, we conclude that only TT genotype in PvuII was associated with the risk of breast cancer for Asians, and polymorphisms in the other 2 SNPs in ESR1 had little influence on breast cancer.
Discussion
In recent years, the association of genetic susceptibility to cancers has drawn more and more attention to the study of polymorphisms of genes involved in tumorigenesis and other diseases. Numerous studies have been conducted to investigate the association between breast cancer susceptibility with 3 SNPs on ESR1: PvuII, XbaI, and P325P. However, because of the heterogeneous of data and methods, the conclusions in these studies are inconsistent and controversial. For example, some studies concluded that the PvuII CC and CT genotype significantly increased the risk of breast cancer [12, 13] . Some studies claimed that T allele of PvuII conferred a higher risk of breast cancer [18, 24, 32] . Other studies showed that ESR1 PvuII polymorphism did not have any significant effect on breast cancer [19, 21, 25, 27, 28] . Given these results, it is necessary to perform a meta-analysis to clarify this issue, which can rapidly and effectively increase sample size by combining data of association studies, thus enhancing the statistical power of analysis to estimate the genetic effects. Pooling data from different studies also has the advantage of reducing random errors. With the accumulation of the studies over the years, we performed an updated meta-analysis, by including 3 SNPs of ESR1 and by involving as many data as possible from published studies, to provide a more comprehensive and reliable estimation of the potential association correlation between ESR1 PvuII, XbaI, and P325P polymorphisms and the risk of breast cancer. In the present study, our results showed that genotype TT+TC or TT in ESR1 PvuII were significantly associated with increased breast cancer risk in overall population compared with CC genotype. The ESR1 PvuII polymorphism is intronic and possibly affects receptor function by changing ESR1 expression levels or altering its pre-mRNA splicing. Herrington et al. found that the C allele of PvuII produced a functional binding site for a transcription factor B-Myb, which resulted in significantly increasing transcription of a downstream reporter construct compared to the T allele [39] . This indicates that CC genotype correlates with a higher ESR1 transcriptional level and may explain our observation that TT+TC or TT genotypes were associated with higher breast cancer risk than was CC genotype, but further functional studies are needed to investigate the functions of these alleles.
It is likely that the tumorigenesis of breast cancer is affected by many factors such as age, ethnicity, environment, and other variables. We therefore performed subgroup analysis Table 3 . Subgroup meta-analysis of the association between ESR1 PvuIIpolymorphisms and breast cancer risk.
# P-value from heterogeneity test; * P-value from OR test. based on ethnicity of samples. We found only Asians with TT genotype of ESR1 PvuII polymorphism had a higher risk of breast cancer than people with CC genotype, while whites did not show this trend. This may be attributable to genetic heterogeneity among different populations. We could not rule out the possibility of gene-gene interactions or the possibility of linkage disequilibrium between polymorphisms. Further studies of multiple polymorphisms in ESR1 [40, 41] or different genes or gene regulators such as microRNAs [42] [43] [44] are needed to address this question. In addition, it is also possible 2994 that differences in environment and lifestyle between different populations may affect the tumorigenesis of breast cancer.
The heterogeneity between studies could also be from the heterogeneous controls. Therefore, we also conducted a sourcestratified subgroup analysis on 14 studies of population-based controls and 11 studies of hospital-based controls, and found significant association in the recessive model of the hospitalbased subgroup. Interestingly, we also noticed that TT genotype of ESR1 PvuII polymorphism in the population-based subgroup decreased the risk of breast cancer more than CC genotype. The inconsistent results between different subgroups could come from the possible non-differential misclassification bias because the hospital-based controls might develop more breast cancer than healthy populations in subsequent years. For P325P, only 2 studies were included in subgroup analysis for PB. Given this small sample size, the statistical power is limited. More studies should be conducted to provide a more precise result. Table 4 . Subgroup meta-analysis of the association between ESR1 Xbalpolymorphisms and breast cancer risk.
# P-value from heterogeneity test; * P-value from OR test; ** Analysis on HB is not performed due to the lack of study. Table 5 . Subgroup meta-analysis of the association between ESR1 P325Ppolymorphisms and breast cancer risk.
# P-value from heterogeneity test; * P-value from OR test.
Conclusions
Our study provided a systematic review and updated metaanalysis of genetic association between ESR1 PvuII, XbaI and P325P polymorphisms and the risk of human breast cancer. Using 3 models (dominant model, recessive model, and homozygote comparison model), we confirmed that only PvuII polymorphism was a risk factor for breast cancer susceptibility in the overall population, but not XbaI and P325P SNPs. Moreover, our results suggest that subgroup assessment by ethnicity of samples and source of controls yields results that are different from those using the overall population. Thus, we believe our study clarifies the inconsistent conclusions from previous studies, and will shed some light on future breast cancer-related research.
